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Abstract. [Purpose] The purpose of this study was to examine the acute effects of five minutes of plantar flexor 
static stretching (PSS) on the balance and gait of the elderly. [Subjects and Methods] Twenty-five subjects aged 
65 years and above performed 5 min of PSS in the form of wedge board standing. The sway length of each sub- 
ject's center of mass was measured to examine the subject's static balance. It was measured by one minute of quiet 
standing with the eyes closed. Functional reach tests (FRTs), timed up and go tests (TUGs), and 10-meter walk 
tests (lOMWTs) were performed to examine dynamic balance and gait before and after PSS. [Results] The outcome 
showed significant increases in sway distances (6.55 ± 5.03 cm) after stretching. However, in the FRTs, TUGs, and 
lOMWTs, the reach distance and time did not show any significant changes. [Conclusion] These results suggest that 
the elderly subjects temporarily experienced difficulties in maintaining balance immediately after the PSS but that 
their dynamic balance and gait were not adversely affected after a short period of time. Therefore, to prevent falls 
and perform exercises in a safe way, it is recommended to allow patients to rest after performing PSS. 
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INTRODUCTION 

As our society has become an aging society, improving 
the quality of life has become one of the major interests in it. 
Impaired balance and gait abilities due to aging and diseas- 
es can lead to an increase in the risk of falls and secondary 
problems. Therefore, it is clear that balance problems can 
directly affect the quality of our lives. The physical activi- 
ties of the elderly can be improved by diverse exercise pro- 
grams and activities. It is important to perform stretching 
before exercises to prevent injuries and enhance exercise 
in a more efficient way 1 '. The common type of stretching is 
static stretching, and the effect of stretching may vary with 
the type applied, intensity, and time 2 ' 3 ). While stretching 
has positive effects (e.g., increases ROM, injury preven- 
tion, and improvement in the ability to perform exercises) 3 ), 
negative effects (e.g., temporary decreases in maximum 
muscle power and stretch-induced impairment in reaction 
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time and movement time) can appear immediately after 
stretching 4-6 ). In reality, some elderly individuals complain 
of temporary difficulties in balance control immediately af- 
ter PSS. However, previous studies have been limited to the 
acute effects of stretching in terms of the histological and 
neurological changes during or after stretching 7-10 *. Fur- 
thermore, only a few studies have examined the temporary 
difficulties in balance and gait of elderly populations after 
stretching. Therefore, the purpose of this study was to ex- 
amine the acute effects of stretching on balance and gait in 
the elderly. 

SUBJECTS AND METHODS 

Twenty-five community-dwelling elderly subjects volun- 
tarily participated in this study under the following crite- 
ria: at least 65 years of age, no experience of falls in a year, 
able to walk at least 10 m independently without a walk- 
ing aid or another person's help, and a Mini Mental State 
Examination-Korea (MMSE-K) score exceeding 24 points. 
Those who had any particular disease that could affect their 
performance such as vision or hearing damage, or any prob- 
lems in their nervous systems, vestibular organs, or under- 
standing the contents of the experiment were excluded. All 
included patients understood the purpose of this study and 
provided written informed consent prior to participation in 
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Table 1. General characteristics of subjects 



Gender (M/F) 


1/24 


Age (years) 


79.1 ±6.2 


Height (cm) 


150.1 ±6.6 


Weight (kg) 


54.1 ±7.5 


MMSE-K (point) 


25.6 ± 1.5 



*p < 0.05 (mean ± SD) 

MMSE-K: Mini Mental State Examination- 
Korea 



the study in accordance with the ethical standards of the 
Declaration of Helsinki (Table 1). 

Each subject performed PSS for 5 minutes on a wedge 
board with an attached nonslip mat on its contact surface. 
Subjects were instructed to maintain an upright posture 
while keeping their arms to their sides and looking straight 
ahead. The angle of inclination of the wedge board was 
adjusted to an angle (15-25°) at which the subject did not 
feel uncomfortable. To examine the changes in balance and 
gait following the application of 5 min of PSS, sway lengths 
during quiet standing for 1 min were measured and func- 
tional reach tests (FRTs), timed up and go tests (TUGs), and 
timed 10 -meter walk tests (lOMWTs) were implemented. 
To examine the subjects' static balance ability, each of the 
subjects was instructed to stand on a BioRescue (RM Ing- 
enierie, Rodez, France) for 1 min with their feet shoulder 
width apart and eyes closed while the sway length of the 
center of mass was measured. In the FRTs, the subject was 
asked to stand with their bare feet shoulder width and to 
reach forward with both arms as far as possible without tak- 
ing a step or touching the wall. The distance between the 
start and end point was measured. In the TUGs, the time 
required for the subjects to complete the following task 
was measured: rising from a chair, walking 3 m, turning 
around, walking back to the chair, and then sitting down on 
the same chair. In the lOMWTs, the subject was asked to 
walk 10 m without any aids, and the time required to walk 
the 6 m in the middle was measured; the first and last 2-m 
sections were excluded to account for the accelerating and 
decelerating phases. The FRTs, TUGs, and lOMWTs were 
repeated three times by each subject, and the best records 
were used. All measurements were recorded as mean ± 
standard deviation values. SPSS for Windows (version 18.0) 
was used to analyze the data. Differences between before 
and after stretching were evaluated with paired t-tests. The 
statistical significant level was set to a = 0.05. 

RESULTS 

After stretching, the sway distance of the center of mass 
during 1 min of quiet standing without visual information 
increased significantly (by 6.55 ± 5.03 cm; p < 0.05). How- 
ever, no statistically significant difference was shown in the 
FRTs, TUGs, or lOMWTs measured 1 min later (p > 0.05; 
Table 2). 



Table 2. Comparison of balance and gait after 5 min of plantar 
flexor static stretching 



Variable 


Pre (Mean ± SD) 


Post (Mean ± SD) 


Sway length (cm) 


38.4 ± 15.1 


44.9 ± 17.1* 


FRT (cm) 


20.3 ± 8.5 


18.1 ±7.3 


TUG (sec) 


10.3 ± 1.8 


10.0 ± 1.9 


10MWT (sec) 


7.6 ±2.1 


7.2 ± 1.6 



* p < 0.05 (mean ± SD) 

Sway length: sway length for 1 minute; FRT, functional reach 
test; TUG, timed up and go test; 10MWT, timed 10-meter walk 
test 



DISCUSSION 

PSS is frequently used for warming up or cooling down 
in exercise programs to reduce ankle stiffness, improve 
joint mobility, or increase physical activity 1 '. This study 
was conducted to examine the acute effects of 5 min of PSS 
on balance and gait in the elderly after stretching. The re- 
sults showed that despite the temporary increase in postural 
sway distance immediately after stretching, the subjects 
recovered their dynamic balance and gait abilities after a 
short period of rest. 

The duration of stretching can also affect balance. Al- 
though stretching for a short time resulted in improvement 
of balance by promoting muscle activity 11 ', stretching for a 
long time adversely affected balance 6, 12 '. Costa et al. (2009) 
stated that whereas 15 seconds of stretching improved bal- 
ance, 45 seconds of stretching did not affect balance 11 '. 
Other studies conducted by Nagano et al. (2006) 12 ' and Yuk 
(2012) 6 ', in which longer PSS was used, reported that pos- 
tural sway lengths increased after 3 minutes and 15 minutes 
of static stretching. In this study, the sway lengths during 
quiet standing for 1 min immediately after the application 
of 5 minutes of stretching increased compared with before 
stretching. 

Static stretching may alter the mechanical and neuro- 
logic characteristics of the calf muscle 13 ' 14 '. Nakamura et 
al. reported that the passive torque of the gastrocnemius 
and the displacement of the myotendinous junction signifi- 
cantly changed at the 2-, 3-, and 4-min points with 5 min 
of PSS 15 '. Behm et al. reported that reaction/movement 
time for regaining balance increased after 45 seconds of 
stretching 4 '. Therefore, the temporary increase in the sway 
length immediately after stretching shown in this study is 
attributed to the mechanical and neurologic changes caused 
by stretching. However, in the FRTs, TUGs, and lOMWTs 
implemented to examine the subjects' dynamic balance and 
gait abilities, the reach distance and gait time did not show 
any significant difference compared with before stretching. 
This is likely due to the minor effects of PSS on gait. Simi- 
larly, stretching studies conducted with stroke patients did 
not show changes in walking speed after PSS 16, 17 '. 

Limitations of the present study include not only the 
small sample size but also the fact that stretching exercis- 
es under diverse conditions were not compared with each 
other. Although the elderly subjects experienced temporary 
difficulties in maintaining balance after 5 min of PSS, their 
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dynamic balance and gait were not affected when a recov- 
ery time of approximately 1 min had passed. The authors of 
this study recommend that elderly individuals take a brief 
rest after PSS before walking or activities in exercise pro- 
grams to prevent falls and perform exercises safely. 

REFERENCES 

1) Johnson E, Bradley BD, Witkowski KR, et al.: Effect of a static calf mus- 
cle-tendon unit stretching program on ankle dorsiflexion range of motion 
of older women. J Geriatr Phys Ther, 2007, 30: 49. [Medline] [CrossRef] 

2) Radford JA, Burns J, Buchbinder R, et al.: Does stretching increase ankle 
dorsiflexion range of motion? A systematic review. Br J Sports Med, 2006, 
40: 870-875. [Medline] [CrossRef] 

3) Behm DG, Chaouachi A: A review of the acute effects of static and dynam- 
ic stretching on performance. Eur J Appl Physiol, 2011, 111: 2633-2651. 
[Medline] [CrossRef] 

4) Behm DG, Bambury A, Cahill F, et al.: Effect of acute static stretching on 
force, balance, reaction time, and movement time. Med Sci Sports Exerc, 
2004, 36: 1397-1402. [Medline] [CrossRef] 

5) Babault N, Kouassi BY, Desbrosses K: Acute effects of 15min static or 
contract-relax stretching modalities on plantar flexors neuromuscular 
properties. J Sci Med Sport, 2010, 13: 247-252. [Medline] [CrossRef] 

6) Yuk GC: The acute effects of 15 minutes plantarflexor static stretch in 
quiet stance. Korean Soc Phys Med, 2012, 7: 191-197. 

7) Blazevich AJ, Kay AD, Waugh C, et al.: Plantarflexor stretch training in- 
creases reciprocal inhibition measured during voluntary dorsiflexion. J 
Neurophysiol, 2012, 107: 250-256. [Medline] [CrossRef] 

8) Gajdosik RL, Vander Linden DW, McNair PJ, et al.: Viscoelastic proper- 
ties of short calf muscle-tendon units of older women: effects of slow and 



fast passive dorsiflexion stretches in vivo. Eur J Appl Physiol, 2005, 95: 
131-139. [Medline] [CrossRef] 

9) Weir DE, Tingley J, Elder GC: Acute passive stretching alters the mechani- 
cal properties of human plantar flexors and the optimal angle for maximal 
voluntary contraction. Eur J Appl Physiol, 2005, 93: 614-623. [Medline] 
[CrossRef] 

10) Ryan ED, Herda TJ, Costa PB, et al.: Viscoelastic creep in the human skele- 
tal muscle-tendon unit. Eur J Appl Physiol, 2010, 108: 207-211. [Medline] 
[CrossRef] 

11) Costa PB, Graves BS, Whitehurst M, et al.: The acute effects of different 
durations of static stretching on dynamic balance performance. J Strength 
Cond Res, 2009, 23: 141-147. [Medline] [CrossRef] 

12) Nagano A, Yoshioka S, Hay DC, et al.: Influence of vision and static stretch 
of the calf muscles on postural sway during quiet standing. Hum Mov Sci, 
2006, 25: 422-434. [Medline] [CrossRef] 

13) Abellaneda S, Guissard N, Duchateau J: The relative lengthening of the 
myotendinous structures in the medial gastrocnemius during passive 
stretching differs among individuals. J Appl Physiol, 2009, 106: 169-177. 
[Medline] [CrossRef] 

14) Weppler CH, Magnusson SP: Increasing muscle extensibility: a matter of 
increasing length or modifying sensation. Phys Ther, 2010, 90: 438-449. 
[Medline] [CrossRef] 

15) Nakamura M, Ikezoe T, Takeno Y, et al.: Time course of changes in passive 
properties of the gastrocnemius muscle-tendon unit during 5 min of static 
stretching. Man Ther, 2013, 18: 211-215. [Medline] [CrossRef] 

16) Bressel E, McNair PJ: The effect of prolonged static and cyclic stretching 
on ankle joint stiffness, torque relaxation, and gait in people with stroke. 
Phys Ther, 2002, 82: 880-887. [Medline] 

17) Maynard V, Bakheit AM, Shaw S: Comparison of the impact of a single 
session of isokinetic or isotonic muscle stretch on gait in patients with 
spastic hemiparesis. Clin Rehabil, 2005, 19: 146-154. [Medline] [Cross- 
Ref] 



